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DESCRIPTION 

CONTROL SYSTEM FOR AN EXHAUST GAS SENSOR 

5 Technical Field 

The present invention relates to an exhaust sensor 
controller, and more particularly to an exhaust sensor 
controller for controlling the status of an exhaust sensor 
that is mounted in an exhaust path to detect the status of 
10 an internal combustion engine exhaust gas. 

Background Art 

In a conventionally known system disclo sed , for 
instance, by Japanese Patent Laid-open No. Hei 4-359142, 
15 an oxygen sensor is mounted in an internal combustion engine 

* 

exhaust path to detect the status of an exhaust gas. The 
oxygen sensor generates an output in accordance with the 
oxygen concentration in the exhaust gas after reaching its 
activity temperature. To this end, the oxygen sensor 

20 incorporates a heater, and heated to its activity 
temperature by the heater while the internal combustion 
engine is operating. 

The exhaust gas contains a large amount of water vapor. 
Therefore, if the oxygen sensor temperature suddenly drops 

25 after an internal combustion engine stop, a large amount 
of water is adsorbed by a sensor element of the oxygen sensor. 
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This water adsorption may give a thermal shock to the sensor 
element, thereby damaging the sensor element. Therefore, 
the above-mentioned conventional system continuously heats 
the oxygen sensor for a period of approximately 5 seconds 
after an internal combustion engine stop* 

When the oxygen sensor is continuously heated for a 
period of approximately 5 seconds after an internal 
combustion engine stop, the sensor temperature does not 
suddenly drop. As a result, the proportion of water 
remaining in the exhaust path that is adsorbed by the sensor 
element significantly decreases. As such being the case, 
the above-mentioned conventional system can improve the 
durability of the oxygen sensor by restraining the 
adsorption of water by the oxygen sensor at the time of an 
internal combustion engine stop. 

Including the above-mentioned document, the applicant 
is aware of the following documents as a related art of the 
present invention. 

[Patent Document 1] 

Japanese Patent Laid-open No. Hei 4-359142 
[Patent Document 2] 

Japanese Patent Laid-open No. Hei 8-75695 
[Patent Document 3] 

Japanese Utility model Laid-open No. Hei 6-5 8359 
[Patent Document 4] 

Japanese Patent Laid-open No. Hei 1-257739 
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After internal combustion engine startup, the 
internal combustion engine exhaust sensor is generally 
heated to a predetermined activity temperature. In such a 
heating process, the output from the exhaust sensor 
5 temporarily deviates from normal due to the influence of 
adsorbable species on the sensor element. It is assumed 
that the adsorbable species becomes chemically adsorbed to 
the sensor element when the exhaust sensor temperature 
lowers after an internal combustion engine stop. The 

10 deviation of the exhaust sensor output due to the influence 
of the adsorbable species increases with an increase in the 
amount of adsorbable species adsorption. 

The applicant of the present invention has found that 
the amount of adsorbable species adsorption to the exhaust 

15 sensor greatly depends on the exhaust sensor temperature 
and ambient temperature prevailing after an internal 
combustion engine stop. More specifically, it is found that 
if the exhaust sensor temperature lowers to reach a 
temperature region in which the adsorbable species may 

20 become chemically adsorbed (hereinafter referred to as the 
"absorption temperature region") before the exhaust path 
temperature sufficiently lowers, a large amount of 
adsorbable species readily becomes adsorbed. 

According to the system disclosed by Japanese Patent 

25 Laid-open No. Hei 4-359142, the oxygen sensor is 
continuously heated for a period of approximately 5 seconds 
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after an internal combustion engine stop. That is, the 
system has a function for delaying the temperature of the 
exhaust sensor (oxygen sensor) lowering into the adsorption 
temperature region while the process for lowering the 
5 exhaust path temperature is in progress. 

However, the above-mentioned conventional system 
stops to heat the oxygen sensor before the exhaust: path 
temperature sufficiently lowers. More specifically, the 
exhaust path temperature does not significantly lower 

10 during the 5 second in which the above conventional system 
continuously heats the oxygen sensor. Therefore, the above 
conventional system cannot decrease the amount of 
adsorbable species adsorption. Consequently, the above 
conventional system cannot restrain the exhaust sensor 

15 output from deviating from normal under the influence of 
the adsorbable species. 

Disclosure of Invention 

The present invention has been made to solve the above 
20 problems and provides an exhaust sensor controller that is 
capable of properly detecting the status of an exhaust gas 
immediately after internal combustion engine startup while 
minimizing the influence of exhaust sensor output deviation, 
which is caused by an adsorbable species. 
25 The above object is achieved by an exhaust sensor 

controller according to a first aspect of the present 
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Invention. The controller controls an exhaust sensor 
mounted in an exhaust path of an internal combustion engine. 
The exhaust sensor includes a sensor element for generating 
an output in accordance with the status of an exhaust gas 
5 and a heater for heating the sensor element. The exhaust 
sensor controller includes a heater control unit for 
continuing power supply control over the heater until the 

ambient temperature for the exhaust sensor drops below 80°C 
after the internal combustion engine is stopped. 
10 In a first aspect of the present invention, power 

supply control is continued over a heater of an exhaust 
sensor until the ambient temperature for the exhaust sensor 

drops below 80°C. This makes it possible to prevent the 
temperature of an element of the sensor from lowering to 

15 reach the adsorption temperature region. As a result, the 
present invention effectively restrains the exhaust sensor 
output from deviating from normal under the influence of 
the adsorbable species by reducing the amount of adsorbable 
species that becomes adsorbed to the exhaust sensor after 

20 an internal combustion engine stop. 

In a second aspect of the present invention; the 
exhaust sensor according to the first aspect of the present 
invention may further include an element temperature 
acquisition unit for acquiring the temperature of the sensor 

25 element. The heater control unit includes an after-stop 
power supply control unit for controlling the heater with 



WO 2005/071247 PCT/JP2004/018769 

6 

a predetermined temperature between 300°C and 500°C set as 
a target temperature for the sensor element after the 
internal combustion engine is stopped. 

In a second aspect of the present invention, control 
can be exercised after an internal combustion engine stop 
so that the temperature of the sensor element is maintained 

within a target temperature range from 300°C to 500°C. When 
control is exercised in this manner, the sensor element 
temperature can be efficiently maintained above the 
adsorption temperature region without extra power 
consumption . 

In a third aspect of the present invention, the exhaust 
sensor according to the first or second aspect of the present 
invention may further includes a heater control unit in which 
a stop moment exhaust temperature estimation unit and a 
temperature condition determination unit are provided. The 
stop moment exhaust temperature estimation unit estimates 
the exhaust path temperature at a stop moment of the internal 
combustion engine. The temperature condition 

determination unit determines whether the exhaust path 
temperature is below 80°C based on the exhaust path 
temperature at the stop moment and the elapsed time after 
the internal combustion engine is stopped. 

In a third aspect of the present invention, it is 
possible to estimate the exhaust path temperature at a moment 
of an internal combustion engine stop, determine the elapsed 
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time after the internal combustion engine stop, and check, 
in accordance with the estimated exhaust path temperature 

m 

and determined elapsed time, whether the exhaust path 

temperature is below 80°C. As a result, the present 
invention can continue heating the sensor element for an 
appropriate period of time without directly detecting the 
exhaust path temperature. 

The above object is also achieved by an exhaust sensor 
controller according to a fourth aspect of the present 
invention. The controller controls an exhaust sensor 
mounted in an exhaust path of an internal combustion engine. 
The exhaust sensor Includes a sensor element for generating 
an output in accordance with the status of an exhaust gas 
and a heater for heating the sensor element. The exhaust 
sensor controller includes a recovery value counting unit 
for counting the elapsed time or the cumulative intake air 
amount after internal combustion engine startup as a 
characteristics recovery value. A heater control unit is 
provided for controlling the heater with a recovery target 
temperature, which is higher than a normal target 
temperature, set as a target temperature for the sensor 
element until the characteristics recovery value reaches 
a recovery determination value. A cumulative lean time 
counting unit is also provided for counting, after internal 
combustion engine startup, the cumulative length of time 
during which the air-fuel ratio is lean. Further, a 
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determination value correction unit is provided for 
increasing the characteristics recovery value or decreasing 
the recovery determination value with an increase in the 
cumulative length of time, 
5 In a fourth aspect of the present invention, the early 

desorption of the adsorbable species can be promoted by 
controlling the sensor element to maintain it at a high 
temperature until the elapsed time or the cumulative intake 
air amount after internal combustion engine startup 

10 (characteristics recovery value) reaches a recovery 
determination value . As a result , the present invention can 
eliminate the exhaust sensor output deviation, which is 
caused by the adsorbable species, immediately after 
internal combustion engine startup. Further, the present 

15 invention ensures that the longer the period of time 
subsequent to internal combustion engine startup during 
which the air-fuel ratio is lean, the earlier the 
characteristics recovery value reaches the recovery 
determination value. In other words, it is possible to 

20 reduce the length of time during which control is exercised 
to maintain the sensor element at a high temperature. • When 
the air-fuel ratio is lean, adsorbable species desorption 
is promoted. Therefore, the longer the period of time 
during which the air-fuel ratio is lean, the shorter the 

25 time required for adsorbable species desorption. The 
present invention makes it possible to minimize the time 
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during which the sensor element is maintained at a high 
temperature in accordance with the time required for 
adsorbable species desorption. 

The above object is also achieved by an exhaust sensor 
5 controller according to a fifth aspect of the present 
invention. The controller controls an exhaust sensor 
mounted in an exhaust path of an internal combustion engine. 
The exhaust sensor Includes a sensor element for generating 
an output in accordance with the status of an exhaust gas 

10 and a heater for heating the sensor element. The exhaust 
sensor controller includes a recovery value counting unit 
for counting the elapsed time or the cumulative intake air 
amount after internal combustion engine startup as a 
characteristics recovery value. A heater control unit is 

15 provided for controlling the heater with a recovery target 
temperature, which is higher than a normal target 
temperature , set as a target temperature for the sensor 
element until the characteristics recovery value reaches 
a recovery determination value . A stop period counting unit 

20 is also provided for counting the stop period during which 
the internal combustion engine is stopped. Further, a 
determination value correction unit is provided for 
decreasing the characteristics recovery value or increasing 
the recovery determination value with an increase in the 

« 

25 stop period during which the internal combustion engine is 
stopped . 
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In a fifth aspect of the present invention, the early 
desorption of the adsorbable species can be promoted by 
exercising control to maintain the sensor element at a high 
temperature until the recovery determination value is 
5 reached by the elapsed time or the cumulative intake air 
amount after internal combustion engine startup 
(characteristics recovery value) . As a result, the present 
invention can eliminate the exhaust sensor output deviation, 
which is caused by the adsorbable species, immediately after 

10 internal combustion engine startup. Further, the present 
invention ensures that the longer the period of time during 
which the internal combustion engine is stopped, the later 
the characteristics recovery value reaches the recovery 
determination value. In other words, it is possible to 

15 exercise control to maintain the sensor element at a high 
temperature for an extended period of time. The longer the 
period of time during which the internal combustion engine 
is stopped, the larger the amount of adsorbable species 
adsorption. Therefore, the longer the period of time during 

20 which the internal combustion engine is stopped, the longer 
the time required for adsorbable species desorption.* The 
present invention makes it possible to minimize the time 
during which the sensor element is maintained at a high 
temperature in accordance with the time required for 

25 adsorbable species desorption. 

The above object is also achieved by an exhaust sensor 
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controller according to a sixth aspect of the present 
invention. The controller controls an exhaust sensor 
mounted in an exhaust path of an internal combustion engine. 
The exhaust sensor includes a sensor element for generating 
5 an output in accordance with the status of an exhaust gas 
and a heater for heating the sensor element. The exhaust 
sensor controller includes a cumulative lean time counting 
unit for counting, after internal combustion engine startup, 
the cumulative length of time during which the air-fuel ratio 

10 is lean. The exhaust sensor controller also includes a 
heater control unit for controlling the heater with a 
recovery target temperature, which is higher than a normal 
target temperature, set as a target temperature for the 
sensor element until the cumulative length of time reaches 

15 a recovery determination value. 

In a sixth aspect of the present invention, the early 
desorption of the adsorbable species can be promoted by 
exercising control to maintain the sensor element at a high 
temperature until the cumulative time during which the 

20 air-fuel ratio is lean reaches the recovery determination 
value after internal combustion engine startup. Since 
adsorbable species desorption is promoted when the air-fuel 
ratio is lean, it can be concluded that adsorbable species, 
desorption is completed when the cumulative lean time 

25 reaches the recovery determination value. As a result, when 
it is concluded that adsorbable species desorption is 
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completed after internal combustion engine startup, the 
present invention can properly terminate a high- temperature 

■ 

control process for the exhaust sensor. 

In a seventh aspect of the present invention, the 
5 exhaust sensor controller according to the sixth aspect of 
the present invention may further includes a recovery value 
counting unit for counting the elapsed time or the cumulative 
intake air amount after internal combustion engine startup 
as a characteristics recovery value. The controller also 

10 Includes a determination value correction unit for 
increasing the cumulative length of time or decreasing the 
recovery determination value with an increase in the 
characteristics recovery value. 

A seventh aspect of the present invention ensures 

15 that the time required for the cumulative lean time to reach 
the recovery determination value decreases with an increase 
in the elapsed time or the cumulative intake air amount after 
internal combustion engine startup (characteristics 
recovery value). In other words, it is possible to reduce 

20 the period of time during which control is exercised to 
maintain the sensor element at a high temperature. 
Adsorbable species desorptlon progresses with an increase 
in the characteristics recovery value no matter whether the 
air-fuel ratio is lean. The present invention makes it 

25 possible to take the progress of adsorbable species 
desorptlon into consideration and accurately minimize the 
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period of time during which high- temperature control is 
exercised over the exhaust sensor. 

In an eighth aspect of the present invention, the 
exhaust sensor according to the sixth or seventh aspect of 
5 the present invention may further includes a stop period 
counting unit for counting the stop period during which the 
internal combustion engine is stopped. The controller also 
includes a determination value correction unit for 
decreasing the cumulative length of time or increasing the 
10 recovery determination value with an increase in the stop 
period during which the internal combustion engine is 
stopped . 

In an eighth aspect of the present invention, the time 
at which the cumulative lean time reaches to the recovery 
15 determination value delays with an increase in the stop 
period during which the internal combustion engine is 
stopped. In other words, the period during which the sensor 
element is maintained at a high temperature is enlarged with 

r 

the increase of the stop period. Since the amount of 
20 adsorbable species adsorption increases with an increase 
in the stop period during which the internal combustion 
engine is stopped, the longer the time during which the 
internal combustion engine is stopped, the longer the time 
required for adsorbable species desorption. The present 
25 invention makes it possible to take the resulting influence 
into consideration and accurately minimize the period of 
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time during which high- temperature control is exercised 
over the exhaust sensor. 

The above object is also achieved by an exhaust sensor 
controller according to a ninth aspect of the present 
5 invention. The controller controls an exhaust sensor 
mounted in an exhaust path of an internal combustion engine. 
The exhaust sensor includes a sensor element for generating 
an output in accordance with the status of an exhaust gas 
and a heater for heating the sensor element. The exhaust 

10 sensor controller includes an element temperature 
acquisition unit for acquiring the temperature of the sensor 
element. The controller also includes a desorption 
progress value counting unit for counting the elapsed time 
or the cumulative intake air amount after the temperature 

15 of the sensor element reaches the desorption temperature 
of an adsorbable species adsorbed by the sensor element as 
a desorption progress value. An output correction unit is 
provided for correcting the output of the exhaust sensor 
in accordance with a sensor output correction value. 

20 Further, a correction value calculation unit is provided 
for decreasing the sensor output correction value with an 
Increase in the desorption progress value. 

In a ninth aspect of the present invention, it is 
possible to count the elapsed time or the cumulative Intake 

25 air amount after the temperature of the sensor element 
reaches the adsorbable species desorption temperature as 



WO 2005/071247 PCT/JP2004/0 18769 

15 

a desorption progress value. A deviation is superposed over 
the exhaust sensor output when the adsorbable species 
becomes desorbed. The amount of such a deviation decreases 
with an increase in the desorption progress value. In the 
5 present invention, the exhaust sensor output is corrected 
by a sensor output correction value. The sensor output 
correction value decreases with an Increase in the 
desorption progress value. As a result, the present 
invention makes it possible to accurately compensate for 

10 an output deviation, which is caused by adsorbable species 
desorption, and obtain a sensor output that is not affected 
by the adsorbable species. 

In a tenth aspect of the present invention, the exhaust 
sensor according to the ninth aspect of the present invention 

15 may further Includes a stop period counting unit for counting 
the stop period during which the internal combustion engine 
is stopped. The correction value calculation unit includes 
initial value setup unit, which increases the initial value 
for the sensor output correction value with an increase in 

20 the stop period. 

A tenth aspect of the present invention ensures that 
the initial value for the sensor output correction value 
increases with an Increase in the period during which the 
internal combustion engine is stopped. If the internal 

25 combustion engine is stopped for a long period of time, an 
increased amount of adsorbable species becomes adsorbed; 
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therefore, the sensor output is likely to suffer significant 
deviation. The present invention can accurately correct 
the sensor output because the amount of adsorbable species 
adsorption can be reflected in the Initial value for the 
5 sensor output correction value . 

Brief Description of Drawings 

Fig. 1 illustrates the structure of an oxygen sensor 

according to a first embodiment of the present invention; 
10 Fig. 2 is a block diagram illustrating the 

configuration of a controller according to the first 

embodiment of the present invention; 

Fig. 3A shows how an adsorbable species is adsorbed 

by a sensor element after an internal combustion engine stop; 
15 Fig. 3B shows how the adsorbable species affects the 

oxygen sensor output after internal combustion engine 

startup ; 

Fig. 4 schematically shows the relationship among the 
temperature of an exhaust pipe, the temperature of a sensor 
20 element and the readiness with which the adsorbable species 
adsorbs to the sensor element; 

Fig. 5 is a flowchart illustrating a routine that is 
executed by the first embodiment of the present Invention; 

Fig. 6 shows an example of a map that is referenced 
25 by the routine shown in Fig. 5; 

Fig. 7 is a flowchart illustrating a modified routine 
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that is executed by the first embodiment of the present 
invention ; 

Pig. 8 is a flowchart illustrating a routine that is 
executed by a second embodiment of the present invention; 
5 Fig. 9 is a flowchart illustrating a routine that is 

executed by a third embodiment of the present invention; 

Fig. 10 is a flowchart illustrating a routine that 
is executed by a fourth embodiment of the present invention; 

Fig. 11 is a flowchart illustrating a routine that 
10 is executed by a fifth embodiment of the present invention; 

Figs. 12A and 12B show examples of a map that is 
referenced when the routine shown in Fig. 11 is executed; 
and 

Fig. 12C illustrates how a final correction value 
15 calculated by the routine shown in Fig. 11 changes with time. 

Best Mode for Carrying Out the Invention 
First Embodiment 

[Hardware Configuration of the First Embodiment] 
20 Fig. 1 illustrates the configuration of an oxygen 

sensor 10 that is used according to a first embodiment of 
the present invention. The oxygen sensor 10 shown in Fig. 
1 is positioned in an exhaust path of an internal combustion 
engine to detect whether oxygen exists in an exhaust gas, 
25 that is, determine whether the exhaust air-fuel ratio is 
lean or rich. 
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The oxygen sensor 10 is provided with a cover 12 . The 
cover 12 is installed over the exhaust path in such a manner 
that it is exposed to the exhaust gas. The cover 12 is 
internally provided with a hole (not shown) for exhaust gas 
5 guidance. A sensor element 14 is mounted within the cover 
12. The sensor element 14 is shaped like a tube, one end 
of which (lower end in Fig. 1) is closed. The sensor element 
14 comprises a solid electrolyte layer 16, an exhaust 
electrode 18, and an atmospheric air electrode 20. The 

10 solid electrolyte layer 16 comprises a Zr0 2 solid 
electrolyte. The exhaust electrode 18 and atmospheric air 
electrode 20, which both consist of a highly catalytic Pt 
based metal, are formed respectively on the outer side and 
inner side of the solid electrolyte layer 16. 

15 An atmospheric air chamber 22, which is exposed to 

atmosphere, is formed inside the sensor element 14. A 
heater 24 for heating the sensor element 14 is positioned 

in the atmospheric air chamber 22. When heated to an 

* 

activity temperature between approximately 550°C and 600°C, 
20 the sensor element 14 becomes active and ready to generate 
a steady output. When a control circuit, which will be 
described later, exercises power supply control, the heater 
24 can heat the sensor element 14 to the above-mentioned 
activity temperature . 
25 Pig. 2 is a block diagram illustrating a controller 

for the oxygen sensor 10. A control circuit according to 
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the present embodiment comprises a sensor control 
microcomputer 30 (hereinafter abbreviated to microcomputer 

* 

30) and an engine control ECU (Electronic Control Unit) 40 
(hereinafter abbreviated to ECU 40). A battery supplies 
electrical power to the microcomputer 30. Further, a 
vehicle's ignition switch (IG switch) supplies an ignition 
ON/OFF signal to the microcomputer 30. The microcomputer 
30 incorporates a timer circuit, which allows the 
microcomputer 30 to operate for a predetermined period of 
time after ignition switch OFF. 

The microcomputer 30 is connected to the sensor 
element 14 of the oxygen sensor 10 (strictly, the exhaust 
electrode 18 and atmospheric air electrode 20 ) and the heater 
24. The exhaust electrode 18 and the atmospheric air 
electrode 20 of the sensor element 14 generate electromotive 
force therebetween. The electromotive force generated in 
this manner varies depending on whether oxygen exists in 
the exhaust gas. The microcomputer 30 acquires the 
electromotive force as a sensor output and determines 
whether oxygen exists in the exhaust gas, that is, whether 
the exhaust air-fuel ratio is lean or rich. 

Further, the microcomputer 30 has a function for 
detecting the impedance of the sensor element 14 by a 
publicly known method. Since the impedance of the sensor 
element 14 corresponds to the temperature of the sensor 
element 14, the microcomputer 30 can estimate the sensor 
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element temperature from the impedance. The microcomputer 
30 can therefore exercise feedback control over power supply 
to the heater 24 so that the sensor element temperature 
reaches a target level. 
5 The microcomputer and ECU 40 exchange sensor 

information (the output from the oxygen sensor 10 or the 
like) and engine/ vehicle information (intake air amount, 
water temperature, etc. ) . The ECU 40 uses the received 
sensor information, for instance, to provide air-fuel ratio 

10 feedback for the fuel injection amount. The microcomputer 
30 uses the received vehicle information, for instance, to 
estimate the exhaust path temperature. 
[Influence of adsorbable species] 

Pig. 3A illustrates how the adsorbable species 

15 becomes adsorbed to the sensor element 14 after an internal 
combustion engine stop. Pig. 3B illustrates how the 
adsorbable species affects the output of the oxygen sensor 
10 after internal combustion engine startup. 

r 

As described earlier, the oxygen sensor 10 is used 
20 while the exhaust electrode 18 is exposed to the exhaust 
gas. The exhaust gas contains H 2 0, C0 2 , 0 2 , and various other 
constituents. While the oxygen sensor 10 is active, such 
constituents do not become adsorbed to the exhaust electrode 
18. However, a chemical adsorptive reaction may occur 
25 between such constituents and the exhaust electrode 18 when 
the temperature of the sensor element 14 lowers after an 
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Internal combustion engine stop. 

The applicant of the present invention has found that 
the above adsorptive reaction is likely to occur 
particularly when the temperature of the sensor element 14 

5 is below 300°C. In other words, the applicant of the present 
invention has found that the upper limit on the temperature 
region in which the adsorbable species becomes adsorbed to 
the sensor element 14 (adsorption temperature region) is 
approximately 300°C. Since the power supply to the heater 

10 24 stops after the internal combustion engine 10 is stopped, 
the temperature of the sensor element 14 inevitably lowers 
to an adsorption temperature region, which is below 300°C. 
As a result, the adsorbable species inevitably becomes 
adsorbed to the surface of the sensor element 14 after the 

15 internal combustion engine 10 is stopped, as shown in Fig. 
3A. 

> 

When the internal combustion engine starts up, the 
power supply to the heater 24 starts. Therefore, the 
temperature of the sensor element 14 rises. When the 
20 temperature of the sensor element 14 rises above the 

adsorption temperature region, that is, exceeds 300°C, the 
adsorbable species begins to become desorbed from the 
surface of the exhaust electrode 18 as shown in Fig. 3B and 
various reactions vigorously occur on the surface. In such 
25 an instance, because H 2 , which is a reducing substance, is 
generated on the surface of the exhaust electrode 18 and 
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because the number of points for reaction with oxygen on 
the exhaust electrode 18 decreases due to the presence of 
the adsorbable species, the output of the oxygen sensor 10 
is temporarily shifted toward the rich side- When the 
5 temperature of the sensor element 14 rises and the desorption 
of the adsorbable species progresses, the rich displacement 
of the sensor output is compensated for in the end. 
[Solutions Provided by the First Embodiment] 

To accurately control the air-fuel ratio of the 

10 internal combustion engine immediately after it is started 
up, it is preferred that the output of the oxygen sensor 
10 be available as soon as possible* The sensor output 
cannot be directly used if it is affected by rich 
displacement. It is therefore preferred that adsorbable 

15 species desorption be completed early. To assure early 
completion of adsorbable species desorption, it is 
preferred that the amount of adsorbable species adsorbed 
by the sensor element 14 during an internal combustion engine 
stop be minimized. 

20 Fig. 4 schematically shows the relationship among the 

temperature of an exhaust pipe, the temperature of a sensor 
element and the readiness with which the adsorbable species 
adsorbs to the sensor element. As indicated in Fig. 4, the 
applicant of the present invention has found that the 

25 readiness with which the adsorbable species becomes 
adsorbed significantly varies with the temperature of the 
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sensor element 14 and the temperature of an exhaust pipe. 
That is , the applicant of the present invention has found 
that if the temperature of the sensor element 14 is above 

300°C, adsorbable species adsorption does not occur without 
5 regard to the exhaust pipe temperature. If the element 

» 

temperature is below 300°C and within the adsorption 
temperature region, adsorbable species adsorption readily 

occurs while the exhaust pipe temperature is above 80°C, but 
does not readily occur while the exhaust pipe temperature 

10 is below 80°C. 

According to the characteristics shown in Fig. 4, 
adsorbable species adsorption does not occur if the sensor 

element 14 is maintained at a temperature higher than 300°C 
during the time interval between the instant at which the 

15 Internal combustion engine is stopped and the instant at 
which the exhaust pipe temperature drops below 80°C 
(condition 1) . If the element temperature drops below 300°C 
after the exhaust pipe temperature is below 80°C (condition 
2), it is possible to sufficiently restrain the amount of 

20 adsorbable species that is generated while the element 
temperature lowers to a normal level . Under these 
circumstances, the present embodiment controls the heater 
24 for the oxygen sensor 10 so that conditions 1 and 2 above 
are met after the internal combustion engine's ignition 

25 switch is turned OFF. 

[Process Performed by the First Embodiment] 
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Fig. 5 is a flowchart illustrating a routine that the 
microcomputer 30 executes to implement the above 
functionality. The routine shown in Pig. 5 is started upon 
internal combustion engine startup and then repeatedly 
5 executed at predetermined time intervals. 

In the routine shown in Fig. 5, step 100 is first 
performed to determine whether it is recognized that the 
internal combustion engine is stopped. More specifically, 
the routine checks whether an OFF output is generated by 

10 the ignition switch. If the stop of the internal combustion 
engine is not recognized in step 100 , step 101 is performed 
to calculate the cumulative value GAsum of the intake air 
amount Ga. Next, step 102 is performed to exercise 
Impedance feedback control over the oxygen sensor 10. A 

15 normal value (which represents an appropriate temperature 

within the range from 550°C to 600°C) is employed as a target 
temperature for the sensor element 14. Therefore, when 
processing step 102 is performed, control is exercised to 
maintain the element at an activity temperature between 

20 550°C and 600°C. 

If, on the other hand, the stop of the internal 
combustion engine is recognized in step 100, step 104 is 
performed to increment a counter TENGSP that counts the 
elapsed time after an internal combustion engine stop. It 

25 is assumed that the value of counter TENGSP is reset to zero 
when an initialization process is performed upon internal 
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combustion engine startup. For the sake of simplicity, the 
count reached by counter TENGSP will be referred to as the 
"elapsed time TENGSP" . 

Next, the target temperature for the sensor element 

5 14 changes to 300°C, that is, the lower-limit temperature 
that is outside the adsorption temperature region. More 
specifically, a target impedance Ztg that is used for 
impedance feedback control is changed to a value 2300 that 

corresponds to an element temperature of 300°C (step 106). 

10 The target time interval between the instant at which 

the internal combustion engine is stopped and the instant 
at which the power supply to the heater 24 is stopped 
(hereinafter referred to as the "target stop time THTSP") 
is then calculated in accordance with the intake air amount 

15 cumulative value GAsum (step 108). 

In the present embodiment, the target stop time THTSP 
should coincide with the time required for the exhaust pipe 

temperature to drop below 80°C. This required time 
increases with an increase in the exhaust pipe temperature 
20 that prevails while the internal combustion engine is 
stopped. Meanwhile, the exhaust pipe temperature gradually 
rises to a convergence value after internal combustion 

» 

engine startup. It is therefore believed that the 
temperature increases with an increase in the intake air 
25 amount cumulative value GAsum. Thus, it is conceivable that 
the above-mentioned required time, which should coincide 
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with the target stop time THTSP, increases (up to an upper 
limit) with an increase in the intake air amount cumulative 
value GAsum, which is calculated at the time of an internal 
combustion engine stop, 
5 Fig. 6 shows an example of a map that the 

microcomputer 30 references to calculate the target stop 
time THTSP in step 108 above- The map is set so that the 
target stop time THTSP Increases with an increase in the 
intake air amount cumulative value GAsum and coincides with 
10 the above-mentioned required time. According to the 
process performed in step 108, the time that accurately 
matches the required time interval between the instant at 
which the internal combustion engine is stopped and the 
instant at which the exhaust pipe temperature drops below 

15 80°C can be set as the target stop time THTSP. 

Next, step 110 is performed to determine whether the 
elapsed time TENGSP after an internal combustion engine stop 
has reached the target stop time THTSP. If the 

determination result does not indicate that TENGSP a: THTSP, 
20 it can be estimated that the exhaust pipe temperature is 

not yet below 80°C. In this instance, impedance feedback 
control is subsequently exercised in step 102. Since the 

target temperature for the element is set to 300°c by the 
process performed in step 104, the heater 24 is controlled 
25 so that the sensor element 14 reaches a temperature of 300°C. 

For the purpose of controlling the heater 24 to attain 
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a sensor element temperature of 300°C, the above process is 
repeatedly performed until it is found that TENGSP 2> THTSP, 
that is, until it is estimated that the exhaust pipe 

temperature is below 80°C. If the temperature of the sensor 
5 element 14 does not drop below 300°C, the adsorbable species 
does not become adsorbed to the sensor element 14. If 
control is exercised to maintain the sensor element 14 at 

a temperature of 300°C, it is possible to avoid adsorbable 
species adsorption while the power consumption is minimized. 

10 As a result, the controller according to the present 
embodiment can efficiently restrain adsorbable species 
adsorption during the time interval between the instant at 
which the internal combustion engine is stopped and the 
instant at which the exhaust pipe temperature drops below 

15 80°C. 

When an adequate amount of time elapses after an 
internal combustion engine stop, the determination result 
obtained in step 110 indicates that TENGSP ss THTSP. In this 

r 

instance, it can be estimated that the exhaust pipe 

20 temperature is below 80 P C. When it is found that TENGSP ;> 
THTSP, the routine shown in Fig. 5 shuts off the power supply 
to the heater 24 (sets the heater power supply duty RDUTY 
to zero) and causes the microcomputer 30 to terminate its 
heater control (step 112). 

25 After the power supply to the heater 24 is shut off, 

the temperature of the sensor element 14 decreases from 300°C 
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to a normal temperature* During such an element temperature 
drop, the adsorbable species becomes adsorbed to the sensor 

* 

element 14. However, the ambient temperature and humidity 
for the sensor element 14 are no longer high. Therefore, 
5 a small amount of adsorbable species becomes adsorbed. If 
the amount of adsorbable species adsorption is small, the 
influence of the adsorbable species immediately disappears 
after a subsequent internal combustion engine restart. As 
a result, the controller according to the present embodiment 
10 minimizes the Influence of oxygen sensor output deviation, 
which is caused by the adsorbable species, and begins to 
properly detect the exhaust gas status immediately after 
internal combustion engine startup. 

[Example of a Modified Process Performed by the First 

15 Embodiment] 

A modified process performed by the first embodiment 
will now be described. The adsorbable species, which causes 
the oxygen sensor output to suffer rich displacement, 
becomes chemically adsorbed to the oxygen sensor 10. In 

20 addition, the carbon content of the exhaust gas may also 
become adsorbed to the oxygen sensor 10. The carbon content 
can be burned off by heating the sensor element 14 to a 

temperature, for instance, of approximately 700°C. 

As described earlier, the controller according to the 
25 present embodiment continues to control the heater 24 until 
the exhaust pipe path temperature drops below 80°C after an 
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internal combustion engine stop. If the sensor element 14 

is temporarily heated to a temperature of 700°C in such an 
instance, the carbon content can be burned off while reducing 
the amount of adsorbable species adsorption. 
5 Fig* 7 shows a routine that is executed to implement 

the above functionality. The routine shown in Fig. 7 is the 
same as the routine shown in Fig. 5 except that a carbon 
burn-off process is inserted between steps 104 and 106. As 
regards the steps in Fig. 7 that are the same as the steps 

10 in Fig • 5, their description is omitted or abridged with 
the same reference numerals assigned. 

If the determination result obtained in step 100 
indicates that the internal combustion engine is stopped, 
the routine shown in Fig. 7 performs processing step 104 

15 and tlxen changes the target temperature for the sensor 

element 14 to 700°C, that is , to a temperature for burning 
off tlxe carbon content. More specifically, the target 
impedance Ztg for use in impedance feedback control is 

t * 

changecL to a value Z700 that corresponds to an element 

20 temperature of 700°C (step 120). 

Next, step 122 is performed to determine whether the 

length of time during which the sensor element 14 is 

maintained at 700°C has exceeded 5 seconds. Step 102 is 
performed to exercise Impedance feedback control with the 

25 target temperature set at 700°C until it is determined that 
the sensor element 14 has been maintained at 700°C for a 
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period of longer than 5 seconds* After it is determined that 

the sensor element 14 has been maintained at 700°C for a 
period of longer than 5 seconds, step 106 is performed to 
change the target temperature for the sensor element 14 to 
5 300°C. 

According to the above processing steps, the sensor 

element 14 is maintained at 700°C for a period of 
approximately 5 seconds after an internal combustion engine 
stop. Subsequently, control is exercised to maintain the 

« 

10 sensor element temperature at 300°C until the exhaust pipe 
temperature drops below 80°C. If the sensor element 14 is 
maintained at 700°C for a period of 5 seconds, the carbon 
attached to the sensor element 14 burns off. As a result, 
when the microcomputer 30 executes the routine shown in Fig. 

15 7, the carbon content can be burned off immediately after 
an Internal combustion engine stop while restraining the 
amount of adsorbable species adsorption to the sensor 
element 14 during a temperature drop process. 

In the first embodiment, which is described above, 

20 the sensor mounted in the exhaust path is limited to the 
oxygen sensor 10. Alternatively, however, an air-fuel 
jratio sensor that generates an output linear with respect 
to the exhaust air-fuel ratio may be used in place of the 
oxygen sensor. This also holds true for the other 

25 embodiments described later . 

In the first embodiment, which is described above. 
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the target temperature for the sensor element 14 is set to 
300°C fox the purpose of avoiding adsorbable species 

■ 

adsorption with a minimum of power consumption during the 
time interval between the instant at which the internal 
5 combustion engine is stopped and the instant at which the 

exhaust pipe temperature reaches 80°C. However, an 
alternative target temperature may be set for the sensor 
element 14. More specifically, a target element 

temperature of 300°C or higher is acceptable. From the 
10 viewpoint: of power consumption reduction, it is preferred 

that the target element temperature be between 300°C and 
500°C or so. 

In the first embodiment, which is described above, 
"heater control unit" according to the first aspect of the 

15 present invention is implemented when the microcomputer 30 
performs processing steps 102 through 110. Further, 
"element temperature acquisition unit" according to the 
second aspect of the present invention is implemented when 
the microcomputer 30 acquires the sensor element impedance, 

20 and "af te>r- stop power supply control unit" according to the 
second aspect of the present invention is implemented when 
the microcomputer 30 performs processing steps 106 and 102 
in order? named. Furthermore, "stop period exhaust 
temperature estimation unit" and "temperature condition 

25 determination unit" according to the third aspect of the 
present invention are Implemented when the microcomputer 
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30 performs processing steps 101, 108, and 110. 
Seoond Embodiment 

[Features of the Second Embodiment] 

The second embodiment of the present invention will 

* 

5 now be described with reference to Fig. 8. The controller 
according to the second embodiment is implemented when the 
hardware configuration shown in Fig. 1 or 2 Is employed to 
let the microcomputer 30 execute a routine shown in Fig. 
8 in place of or together with the routine shown in Fig. 
10 5 ox- 7. 

The controller according to the first embodiment can 
reduce the amount of adsorbable species that becomes 
adsorbed to the sensor element 14 during an internal 
combustion engine stop. However, the complete prevention 

15 of the adsorbable species adsorption is impossible by the 
controller. The controller according to the first 
embodiment cannot prevent the output of the oxygen sensor 
10 from temporarily suffering rich displacement after 
internal combustion engine startup. 

20 The adsorbable species adsorbed by the sensor element 

14 begins to become desorbed when the temperature of the 

sensor element 14 exceeds 300°C. The higher the temperature 
of the sensor element 14, the higher the speed of desorption. 
Therefore, when the sensor element 14 is set to a temperature 
25 (e.g. , 800°C) higher than a normal target temperature (550°C 
to 600°C or so), the time required for adsorbable species 
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desorption can be reduced to shorten the length of time 
during which the sensor output suffers rich displacement. 
This control process is thereinafter referred to as 
"high-temperature control" . 

Prom the viewpoint of sensor element durability and 
power consumption, it is preferred that the length of time 
during which control is exercised to maintain the sensor 
element 14 at a temperature higher than the normal target 
temperature be minimized. Therefore, if such 

high- temperature control is exercised over the sensor 
element 14, it is preferred that such high- temperature 
control terminate immediately after completion of 
adsorbable species desorption. 

The applicant of the present invention has found that 
the speed of adsorbable species desorption depends on not 
only the temperature of the sensor element 14 but also the 
air-fuel ratio of the exhaust gas surrounding the sensor 
element 14, More specifically, the applicant of the present 
invention has found that if the exhaust gas is an oxidative 
atmosphere, that is, if the exhaust air-fuel ratio is lean, 
adsorbable species desorption is accelerated because the 
adsorbable species generates H 2 , which is a reducing 
substance, at the time of desorption. Therefore, the time 
required for the completion of adsorbable species 
desorption decreases with an increase in the "lean time", 
which represents the period of time subsequent to internal 
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combustion engine startup during which the exhaust air-fuel 
ratio remains lean* 

« 

When the above requirements are considered, if the 
time required for adsorbable species desorption shows 
5 increase or decrease, the high- temperature control period 
for -the sensor element 14 should be varied in accordance 
with the increase or decrease. Under these circumstances, 
the present invention exercises high- temperature control 
over the sensor element 14 while counting the cumulative 
10 lean time after internal combustion engine startup to ensure 
that the length of time during which high- temperature 
control is exercised decreases with an increase in the 
cumulative lean time. 

[Process Performed by the Second Embodiment] 
15 Pig. 8 is a flowchart illustrating a routine that the 

microcomputer 30 executes to implement the above 
functionality. The routine shown in Fig. 8 first performs 
step 130 to determine whether the internal combustion engine 

r 

is started up. If the determination result obtained in step 
20 130 does not indicate that the internal combustion engine 
is started up, the currently executed routine immediately 
terminates . 

If, on the other hand, the determination result 
obtained in step 130 indicates that the internal combustion 
25 engine is started up, the target temperature for the sensor 
element 14 is set to an initial value (e.g., 550°C) . More 
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specifically, the target impedance Ztg for use in impedance 
feedback control is set to a value Z550 that corresponds 

■to a normal target temperature (550°C) (step 132). 

Next, step 134 is performed to determine whether the 
5 water temperature THI prevailing at internal combustion 
engine startup is equal to or higher than a predetermined 

determination temperature TH40 (e.g., 40°C) . If the 
determination result obtained in step 134 indicates that 

THI ^ TH40 , it can be concluded that the time interval between 

> 

10 the last internal combustion engine stop and the internal 
combustion engine restart is short, and that the amount of 
absorbable species adsorption is not enough to incur rich 
displacement on the sensor element 14. In such an instance, 
the current routine terminates while the target Impedance 

15 Ztg remains to be Z550. After internal combustion engine 
startup, impedance feedback control begins to be exercised 
over the sensor element 14. In this instance, therefore, 
power supply control is exercised over the heater 24 so that 
the temperature of the sensor element 14 coincides with the 

20 normal target value (550°C) hereinafter. 

If, on the other hand, the determination result 

« 

obtained in step 134 does not indicate that THI s> TH40, it 
can be concluded that the degree of adsorbable species 
adsorption to the sensor element 14 is unignorable. In such 

25 an instance, a high- temperature target value (e.g., 800°C) 
is set for the sensor element 14 so as to exercise 
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high- temperature control. More specifically, the target 
impedance Ztg for use in impedance feedback control is set 
to a value Z800 that corresponds to the high- temperature 
target value (800°C) (step 136). 

Although the high- temperature target value is set to 

800°C as an example # an alternative high- temperature target 
value may also be used. The high- temperature target value 
should be higher than the normal target value so as to promote 
the desorption of the adsorbable species. For example, a 

high-temperature target value of approximately 700°C will 
sufficiently promote desorption. 

Next, step 138 is performed to determine whether the 
output of the oxygen sensor 10 is lean. The output 
characteristic of the oxygen sensor 10 that prevails while 
the sensor element 14 is heated to a temperature of 

approximately 800°C does not significantly differ from the 
output characteristic of the oxygen sensor 10 that prevails 

while the sensor element 14 is maintained at a normal target 

* 

temperature of approximately 550°C. Therefore, even when 
high-temperature control is in progress, the output of the 
oxygen sensor 10 indicates with certain accuracy whether 
the exhaust air-fuel ratio is lean. 

■ 

As described earlier, the adsorbable species 
adsorbed by the sensor element 14 is urged to become desorbed 
in a lean atmosphere. Therefore, if it is found in step 138 
above that the sensor output is lean, it can be concluded 
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that adsorbable species desorption is vigorous. In such an 
instance, step 140 is first performed to increment a lean 

♦ 

counter- TAFL in order to reduce the duration of 
high-temperature control. Next, step 142 is performed to 
5 correct a recovery determination value GAsumTG in 
accordance with the count reached by the lean counter TAPL . 

If , on the other hand, it is found in step 138 that 
the sensor output is not lean, it can be concluded that 
adsorbable species desorption is not particularly promoted. 

10 In this instance, the program flow skips processing steps 
140 and 142 so that the recovery determination value GAsumTG 
prevailing during the preceding processing cycle is 
continuously used . 

Next, the routine shown in Fig. 8 performs step 144 

15 to calculate the cumulative value GAsum of the amount of 
air Ga that has been taken in since internal combustion 
engine startup. Step 146 is then performed to determine 
whether the recovery determination value GAsumTG is 
exceeded by the intake air amount Ga . 

20 The microcomputer 30 stores an initial value for the 

recovery determination value GAsumTG. The initial value 
represents the cumulative value for the intake air amount 
GA that is required for the completion of adsorbable species 
desorption when high- temperature control is exercised over 

25 the sensor element 14 in a rich atmosphere. In step 142 
above, the recovery determination value GAsumTG is 
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corrected by reduced the length of time according to the 
counted value of the lean counter TAFL, that is, the length 
of time during which the exhaust path atmosphere is made 
lean and the adsorbable species desorptlon is promoted. As 
5 a result, the recovery determination value GAsumTG 
accurately corresponds to the cumulative air intake amount 
GAsum that is actually required for the completion of 
adsorbable species desorptlon. 

Therefore, if the determination result obtained in 

10 step 146 does not indicate that GAsum s> GAsumTG, it can be 
concluded that adsorbable species desorptlon from the 
sensor* element 14 is not completed. In such an instance, 
the current routine terminates while the target impedance 
Ztg is maintained at Z800, and high- temperature control is 

15 continuously exercised over the sensor element 14. 

If, on the other hand, the determination result 

obtained in step 146 indicates that GAsum a: GAsumTG, it can 
be concluded that adsorbable species desorptlon from the 
sensor* element 14 is completed. In this instance, the 
20 target temperature for Impedance feedback control is 

changed to a normal value (550°C). More specifically, the 
target impedance Ztg is changed to Z550 (step 148). When 
processing step 148 is performed, high- temperature control 
subsequently terminates and then normal impedance feedback 
25 control starts. 

When the process described above is performed. 
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high- temper- ature control is exercised after internal 
combustion engine startup so as to promote adsorbable 
species desorption and reduce the period of time during which 
the sensor output suffers rich displacement. Further, the 
5 process ensures that the completion of adsorbable species 
desorption precisely coincides with the end of 
high- temper ature control. As a result, the controller 
according to the present embodiment minimizes the influence 
of oxygen sensor output deviation, which is caused by the 

10 adsorbable species, and begins to properly detect the 
exhaust gas status immediately after internal combustion 
engine star-tup without extra power consumption and without 
causing avoidable damage to the sensor element 14. 
[Modifications of and Supplementary Information about the 

15 Second Embodiment] 

The second embodiment, which is described above, 
checks whettier the recovery determination value GAsumTG is 
reached by the cumulative Intake air amount GAsum in order 
to determine whether adsorbable species desorption is 

20 completed. However, an alternative determination method 
may be used. For example, the above determination may be 
formulated by checking whether the duration of 
high- temper ature control reaches to a target time (recovery 
determination value) . 

25 Furttier, the second embodiment, which is described 

above, ensures that the longer the lean time, the smaller 
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the recovery determination value GAsumTG. In this manner, 
the second embodiment varies the duration of 
high- temperature control in accordance with the .phenomenon 
in which adsorbable species desorption is promoted in a lean 
5 atmosphere. However, an alternative method may be used. 
More specifically, corrections may be made to increase the 
cumulative intake air amount GAsum with an Increase in the 
lean time so that the duration of high- temperature control 
varies according to the phenomenon. 

10 In the second embodiment, which is described above, 

"recovery value counting unit" according to the fourth 
aspect of the present invention is Implemented when the 
microcomputer 30 performs processing step 144. Further, 
"heater* control unit" according to the fourth aspect of the 

15 present invention is implemented when the microcomputer 30 
performs processing steps 136 and 146. Furthermore, 
"cumulative lean time counting unit" according to the fourth 
aspect of the present invention is implemented when the 
microcomputer 30 performs processing steps 138 and 140. 

20 Moreover, "determination value correction unit" according 
to the fourth aspect of the present invention is implemented 
when the microcomputer 30 performs processing step 142. 
Third Embodiment 

[Features of the Third Embodiment] 
25 The third embodiment of the present Invention will 

now be described with reference to Fig. 9. The controller 
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* 

according to the -third embodiment is implemented when the 
hardware configuration shown in Fig. 1 or 2 is employed to 
let the microcomputer 30 execute a routine shown in Fig. 
9 in place of or together with the routine shown in Fig. 
5 5 or 7. 

The controller according to the second embodiment 
exercises high-ternperature control over the sensor element 
14 after internal combustion engine startup, thereby 
reducing the period of time during which the sensor output 

10 suffers rich displacement. The second embodiment considers 
the cumulative period of time after startup during which 
the air-fuel ratio is lean, and exercises high- temperature 
control until adsorbable species desorptlon is completed. 

The time required for adsorbable species desorption 

15 increases with an increase in the amount of adsorbable 
species adsorption to the sensor element 14 at the startup 
of the Internal combustion engine. The amount of the 
adsorbable species increases with an increase in the length 
of time during wliich the internal combustion engine is 

20 stopped. Therefore, the longer the internal combustion 
engine stop time, tlie longer the time required for adsorbable 
species desorption. The third embodiment varies the 
duration of high-temperature control in accordance with the 
internal combustion engine stop time in order to ensure that 

25 the duration of high- temperature control precisely 
coincides with tlie time required for adsorbable species 
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desorption . 

[Process Performed by the Third Embodiment] 

Fig. 9 is a flowchart illustrating a routine that the 
microcomputer 30 performs to implement the above 
5 functionality. In the routine shown in Fig. 9, step 150 is 
first performed to determine whether the internal 
combustion engine is started up. If the determination 
result does not indicate that the internal combustion engine 
is started up, st^p 152 is performed to count the elapsed 
10 time TENGSP from an internal combustion engine stop. The 
present embodiment: assumes that the elapsed time TENGSP can 
be counted while ttie internal combustion engine is stopped. 

If, on the other hand, the determination result 
obtained in step 150 indicates that the internal combustion 
15 engine is started up, step 154 is performed to set an initial 

value (e.g., 550°C ) as a target temperature for the sensor 
element 14. Next:, step 156 is performed to determine 
whether a startup water temperature THI is equal to or higher 
than a determination temperature TH40. If the 

20 determination of THI ^ TH40 is negative, the target 
temperature for the sensor element 14 is changed to a 

high- temperature -target value (e.g., 800°C) (step 158). 
These processing steps are the same as steps 132 through 
136 in Fig. 8. 

25 Next, the routine shown in Fig. 9 performs step 160 

to determine whether the target time (hereinafter referred 
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to as the "target retention time T800TG" ) during which the 
sensor element 14 should "be maintained at a high- temperature 

target value of 800°C is already calculated. If the obtained 
determination result indicates that the target retention 
5 time T800TG is calculated, the program flow skips processing 
steps 162 and 164, whicli will be described later. 

If, on the other hand, the obtained determination 
result does not indicate that the target retention time 
T800TG is calculated, step 162 is performed to calculate 

10 the target retention time T800TG in accordance with the 
elapsed time TENGSP after an internal combustion engine stop. 
The target retention time T800TG (that is, the duration of 
high- temperature control) should coincide with the time 
required for adsorbable species desorption. Therefore, it 

15 is required that the target retention time T800TG increase 
with an increase in tlie amount of adsorbable species 
adsorption, that is, with an increase in the elapsed time 
TENGSP after an internal combustion engine stop. To meet 
the above requirement in the present embodiment, the 

20 microcomputer 30 stores a map that defines the relationship 
between the elapsed time TENGSP and the target retention 
time T800TG. In step 162, the map is referenced to set the 
value T800TG that corresponds to the elapsed time TENGSP. 
As a result, the longer the elapsed time TENGSP after an 

25 internal combustion engine stop, the longer the target 
retention time T800TG is set. 
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Next, the routine shown in Fig. 9 performs step 164 
to clear the elapsed time TENGSP after an internal combustion 
engine stop. In the subsequent processing cycles, the 
target retention time T80OTG is maintained equal to the value 
calculated in the present processing cycle because the steps 
162 and 164 are skipped in those cycles. 

After completion of the above processing steps, step 
166 is performed to count the length of time during which 
control is exercised to maintain the sensor element 14 at 
a temperature of 800°C (the time during which Ztg = Z800 or 
the time elapse after an element temperature of 800°C is 
reached; hereinafter referred to as the "high- temperature 
control time T800 n ). Next, step 168 is performed to 
determine whether the high- temperature control time T800 
is equal to or longer than, the target retention time T800TG. 

If the obtained determination result denies T800 s> 
T800TG, it can be concluded that adsorbable species 
desorption from the sensor element 14 is not completed. In 
such an instance, the current routine terminates while the 
ensuing target impedance Ztg is maintained at Z800, and 
high- temperature control is continuously exercised over the 
sensor element 14. 

If, on the other hand, the determination result 

obtained in step 168 indicates that T800 ss T800TG, it can 
be concluded that adsorbable species desorption from the 
sensor element 14 is completed. In this instance, the 
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target temperature for impedance feedback control is 

changed to a normal value ( 550°C) (step 170) . As a result, 
high- temperature control terminates and then normal 
impedance feedback control, starts. 
5 When the process described above is performed, 

high- temperature control is exercised after internal 
combustion engine startup so as to promote adsorbable 
species desorption and reduce the period of time during which 
the sensor output suffers rich displacement. Further, the 

10 process causes the target retention time T800 to increase 
with an increase in the elapsed time TENGSP between an 
internal combustion engine stop and a restart, and ensures 
that the completion of adsorbable species desorption 
precisely coincides with the end of high- temperature 

15 control. As a result, the controller according to the 
present embodiment minimizes the influence of oxygen sensor 
output deviation, which is caused by the adsorbable species , 
and begins to properly detect the exhaust gas status 
immediately after internal combustion engine startup 

20 without extra power consumption and without causing 
avoidable damage to the sensor element 14. 

* 

[Modifications of and Supplementary Information about the 
Third Embodiment] 

The third embodiment, which is described above, 
25 checks whether the target retention time T800TG is reached 
by the high- temperature control time T800 in order to 
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determine whether adsorbable species desorption is 
completed. However, an alternative determination method 
may be used* For example, the above determination may be 
formulated, as is the case with "the second embodiment, by 
checking whether the recovery determination value GAsumTG 
is reached by the cumulative intake air amount GAsum (the 
value GAsumTG is set according to the value TENGSP in this 
instance) . 

Further, the third embodiment , which is described 
above, ensures that the longer the elapsed time after an 
internal combustion engine stop , the longer the target 
retention time T800TG. In this manner, the third embodiment 
varies the duration of high- temperature control in 
accordance with the influence of the amount of adsorbable 
species adsorption. However, an alternative method may be 
used. More specifically, the urate of increase in the 
high-temperature control time T8O0 may be reduced with an 
increase in the elapsed time TENGSP after an internal 
combustion engine stop so "that the duration of 
high- temperature control is varied in accordance with the 
influence of the amount of adsorbable species adsorption. 

Furthermore, the third embodiment, which is 
described above, does not -vary the duration of 
high- temperature control in accordance with the lean time 
that arises after internal combustion engine startup. 
However, the present invention As not limited to such a 
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scheme. More specifically, tlie controller according to the 
third embodiment may cause the duration of high- temperature 
control to decrease with an increase in the lean time after 
internal combustion engine startup, as is the case with the 
5 second embodiment. 

In the third embodiment, which is described above, 
the high- temperature control time T800 corresponds to a 
"characteristics recovery value" according to the fifth 
aspect of the present invention, and the target retention 

10 time T800TG corresponds to a " recovery determination value" 
according to the fifth aspect of the present invention. 
"Recovery value counting unit" according to the fifth aspect 
of the present invention is implemented when the 
microcomputer 30 performs processing step 166. Further, 

15 "heater control unit" according to the fifth aspect of the 
present invention is implemented when the microcomputer 30 
performs processing steps 158 and 168. "Stop time counting 

- 

unit" according to the fifth aspect of the present invention 
is implemented when the microcomputer 30 performs 

20 processing step 152 . "Determination value correction unit" 
according to the fifth aspect: of the present invention is 
implemented when the microcomputer 30 performs processing 
step 162. 
Fourth Embodiment 

25 [Features of the Fourth Embodiment] 

The fourth embodiment of the present invention will 
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now be described with reference to Fig. 10. The controller 
according to the fourth embodiment is implemented when the 
hardware configuration shown in Fig. 1 or 2 is employed to 
let the microcomputer 30 execute a routine shown in Fig. 
5 10 in place of or together with -the routine shown in Fig. 
5 or 7 . 

As described earlier, the desorptlon of the 
adsorbable species adsorbed by the sensor element 14 
remarkably progresses in a lean atmosphere. Therefore, 

10 whether or not the desorption of the adsorbable species is 
completed can also be accurately determined by judging 
whether an adequate lean time is generated after internal 
combustion engine startup. Therefore, the present 
embodiment checks the cumulative lean time generated after 

15 internal combustion engine startup to determine the time 
at which high- temperature control over the sensor element 
14 should terminate. 

[Process Performed by the Fourth. Embodiment] 

Fig. 10 is a flowchart illustrating a routine that 

20 the microcomputer 30 performs to implement the above 
functionality. In the routine shown in Fig. 10, processing 
steps 180 through 190 are the same as processing steps 130 
through 140 in Fig. 8. Processing step 194 in Fig. 10 is 
also the same as processing step 148 in Fig. 8. As regards 

25 the steps in Fig. 10 that are the same as the steps in Fig. 
8, their description is omitted or abridged to avoid a 
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redundant description . 

When the necessity for high- temperature control is 
recognized after internal combustion engine startup (step 
184), the routine shown in Fig. lO sets a high- temperature 

5 target value (800°C) as the target -temperature for the sensor 
element 14 (step 186). Next, the cumulative value TAFL of 
the time during which the exhaust air- fuel ratio is lean 
is counted in accordance with the output of the oxygen sensor 
10 (step 190). The above process is also performed by the 
10 routine shown in Fig. 8. 

Next, the routine shown in Fig. 10 determines whether 
the counted cumulative value TAFL of the lean time is equal 

■ 

to or larger than the recovery determination value TAFLTG 
(step 192). The microcomputer 30 stores the recovery 

15 determination value TAFLTG, which is to be compared against 
the cumulative lean time TAFL. The lean time that is 
required for the adsorbable species adsorbed by the sensor 
element 14 to become thoroughly desorbed after internal 
combustion engine startup is set as the recovery 

20 determination value TAFLTG. 

Therefore, if the determination result obtained in 

step 192 does not indicate that: TAFL a: TAFLTG , it can 
concluded that the completion of adsorbable species 
desorption is not recognized. In "this instance, the current 
25 routine terminates while the ensuing target impedance Ztg 
is maintained at Z800, and high-temperature control is 
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continuously exercised over the sensor element 14. 

If, on the other hand, the determination result 

obtained in step 192 indicates that TAFL ^ TAFLTG , it can 
be concluded that adsorbable species desorption is 
5 completed. In this instance, the target temperature for 
impedance feedback control is changed to a normal value 

(550°C) (step 194). As a result, high- temperature control 
terminates and then normal impedance feedback control 

starts. 

■ 

10 When the process described above is performed, 

high- temperature control is exercised after internal 
combustion engine startup so as to promote adsorbable 
species desorption and reduce the period of time during which 
the sensor output suffers rich displacement. Further, the 

15 process determines the time of high-temperature control 
termination by paying attention to th© cumulative lean time. 
Therefore, performing a relatively simple process makes it 
possible to ensure that the completion of adsorbable species 
desorption precisely coincides with the end of 

20 high- temperature control. As a result, the controller 
according to the present embodiment minimizes the influence 
of oxygen sensor output deviation, which is caused by the 
adsorbable species, and begins to properly detect the 
exhaust gas status immediately after internal combustion 

25 engine startup without extra power consumption and without 
causing avoidable damage to the sensor element 14. 
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[Modifications of and Supplementary Information about the 
Fourth Embodiment ] 

The fourth embodiment, which is described above, 
determines the time in which the high- temperature control 
5 is performed in accordance with the cumulative lean time 
TAFL only. Alternatively, however, ttae time for the 
high- temperature control may be varied in accordance, for 
instance, with the cumulative intake air amount GAsum that 
has been counted since internal combustion engine startup, 

10 the high- temperature control time T800 for the sensor 
element 14, or the elapsed time TENGSP after an internal 
combustion engine stop. More specifically, the fourth 
embodiment may decrease the recovery determination value 
TAFLTG, which is considered to a fixed value, with an 

15 increase in the value GAsum, decrease the recovery 
determination value TAFLTG with an increase in the value 
T800, and increase the recovery determination value TAFLTG 
with an increase in the value TENGSP. Alternatively; the 
fourth embodiment may increase the rate of the increase in 

20 the cumulative value TAFL, which is considered to be fixed, 
with an increase in the value GAsum, increase the rate of 
the increase in the cumulative value TAFL with an increase 
in the value T800, and decrease the rate of the increase 
in the cumulative value TAFL with an increase in the value 

25 TENGSP. 

In the fourth embodiment, which is described above. 
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"cumulative lean time counting unit" according to the sixth 
aspect of the present invention is implemented when the 
microcomputer 30 performs processing steps 188 and 190, and 
. "heater control unit" according to the sixth aspect of the 
5 present invention is implemented when th.e microcomputer 30 
performs processing steps 186 and 192. Further, "recovery 
value counting unit" according to the seventh aspect of the 
present invention is implemented when the microcomputer 30 
counts the elapsed time after internal combustion engine 

10 startup or the cumulative intake air amount, and 
"determination value correction unit" according to the 
seventh aspect of the present invention is implemented when 
the microcomputer 30 corrects the tendency of the increase 
in the recovery determination value TAFLTG or cumulative 

15 value TAFL in accordance with the above count . Furthermore , 
"stop time counting unit" according to the eighth aspect 
of the present invention is implemented when the 
microcomputer 30 counts the elapsed time after an internal 
combustion engine stop, and "determination value correction 

20 unit" according to the eighth aspect of the present invention 
is implemented when the microcomputer- 30 corrects the 
tendency of the increase in the recovery determination value 
TAFLTG or cumulative value TAFL in accordance with the above 
count * 

25 Fifth Embodiment 

[Features of the Fifth Embodiment] 
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The fifth embodiment of the present invention will 
now be described with reference to Figs. 11 and 12. The 
controller according to the fifth embodiment is implemented 
when the hardware configuration shown in Fig . 1 or 2 is 
5 employed to let the microcomputer 30 execute a routine shown 
in Fig. 11 in place of or together with the routine shown 
in Fig. 5 or 7 . 

As described earlier, the output of the oxygen sensor 
10 suffers temporary sensor output rich displacement 

10 immediately after internal combustion engine startup due 
to the influence of the adsorbable species. It is difficult 
to completely avoid adsorbable species adsorption. 
Therefore, it is also difficult to avoid sensor? output rich 
displacement. There is a correlation between sensor output 

15 rich displacement and adsorbable species desorption amount. 
Further, the amount of adsorbable species desorption 
greatly correlates with the amount of adsorbable species 
adsorption prevailing at the beginning of desorption, that 
is, the initial amount of adsorbable species adsorption, 

20 and the subsequent elapsed time. 

Therefore, the amount of adsorbable species 
desorption can be roughly estimated from the initial 
adsorption amount and the elapsed time after tlie beginning 
of desorption. When the amount of desorption is estimated, 

25 it is possible to estimate the amount of sensor output rich 
displacement, which is caused by the adsorbatole species. 
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When the amount of sensor output rich displacement is 
estimated, it is possible to correct the output of ttae oxygen 
sensor 10. Thus, the status of the exhaust gas can be 
accurately detected even while rich displacement is 
5 encountered. Under these circumstances, the present 
embodiment calculates the amount of rich displacement 
superposed over the sensor output in accordance vith the 
amount of adsorbable species adsorbed at internal 
combustion engine startup and the elapsed time after the 
10 beginning of desorption, and corrects the output of the 
oxygen sensor 10 by using the calculated displacement amount 
as a correction value after internal combustion engine 
startup . 

[Process Performed by the Fifth Embodiment] 
15 Fig, 11 is a flowchart illustrating a routine that 

the microcomputer 30 performs to implement tlxe above 
functionality. In the routine shown in Fig. 11, step 200 
is first performed to determine whether the internal 
combustion engine is started up. If the obtained 
20 determination result does not indicate that the internal 
combustion engine is started up, step 202 is performed to 
count the elapsed time TENGSP after an internal combustion 
engine stop. The present embodiment assumes that the 
microcomputer 30 can count the elapsed time TENGSP while 
25 the internal combustion engine is stopped. 

If the determination result obtained in step 200 



WO 2005/071247 PCT/JP2004/0 18769 

55 

indicates that the internal combustion engine is started 
up, step 204 is performed to read the sensor output OXSAD 
of the oxygen sensor 10. Next , step 206 is performed to 
determine whether the temperature of the sensor element 14 

5 is equal to or higher than 300°C, that is, whether the 
temperature for the start of adsorbable species desorption 
is reached. 

If the determination result obtained in step 206 

indicates that the element temperature is lower than 300°C, 
10 it can be concluded that sensor output rich displacement , 
which is caused by the adsorbable species , is not encountered 
yet. In this instance, step 208 is performed to set a final 
correction value KOXSR to zero. Next, step 226 is followed 
to perform a process for calculating the final sensor output 
15 as described later . 

If, on the other hand, the determination result 
obtained in step 206 indicates that the element temperature 

is equal to or higher than 300°C, it can be concluded' that 
rich displacement , which is caused by the adsorbable species , 
20 is encountered. In this instance, step 210 is performed to 

count the elapsed time after an element temperature of 300°C 
or higher is reached, that is, the elapsed time after the 

start of adsorbable species desorption, as the "300°C 
retention time T300 n . 
25 Next, the routine shown in Fig. 11 performs step 212 

to determine whether a normal target temperature of 550°C 
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Is reached by the element. If the determination result 
indicates that the element temperature is equal to or higher 

than 550°C, step 214 is perfoxmed to determine that the 
oxygen sensor 10 is active. 
5 After completion of the above processing steps, step 

216 is performed to calculate a correction amount initial 
value KOXSRI in accordance with the elapsed time TENGSP , 
which is calculated while the internal combustion engine 
is stopped. The correction amount initial value KOXSRI is 

10 a value for correcting the amount of rich displacement that 
is encountered at the beginning of adsorbable species 
desorption. This value KOXSRI should increase with an 
increase in the amount of initial adsorption. Therefore, 
the value KOXSRI should increase with an increase in the 

15 elapsed time TENGSP after an internal combustion engine 
stop . 

Fig. 12A shows an ex ample of a map that the 
microcomputer 30 references to calculate the correction 

r * 

amount initial value KOXSRI in si:ep 216 . This map is created 
20 to provide consistency with the amount of initial adsorption 
so that the correction amount initial value KOXSRI increases 
with an increase in the after -stop elapsed time TENGSP. 
According to processing step 216, a value accurately 
consistent with the amount of ri-ch displacement encountered 
25 at the beginning of desorption can be set as the correction 
amount initial value KOXSRI. 
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Next, the routine shown in Fig. 11 performs step 218 
to calculate a correction amount adjustment value KOXSRM 

in accordance with the 300°C retention time T300 . The amount 
of sensor output rich displacement decreases as adsorbable 
5 species desorption progresses. Therefore, the amount of 
rich displacement gradually decreases with an increase in 

the 300°C retention time T300. The correction amount 
adjustment value KOXSRM. which is calculated in step 218, 
corresponds to the above-mentioned change in the amount of 

10 rich displacement. 

Fig. 12B shows an example of a map that the 
microcomputer 30 references to calculate the correction 
amount adjustment value KOXSRM in step 218. This map is 
created to provide consistency with a change in the amount 

15 of rich displacement so that the correction amount 
adjustment value KOXSRM increases with an increase in the 
300°C retention time T300. According to processing step 218, 
therefore, a value accurately consistent with the amount 

r 

of rich displacement reduction encountered after the 
20 beginning of desorption can be set as the correction amount 
adjustment value KOXSRM. 

When the correction amount initial value KOXSRI and 
correction amount adjustment value KOXSRM are calculated 
as described above, the final correction value KOXSR is 
25 calculated by the following equation( step 220): 

KOXSR = KOXSRI - KOXSRM (1) 
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Fig, 12C illustrates how the final correction value 
KOXSR, which is calculated from Equation (1) above, changes 
with time. Since the correction amount adjustment value 

KOXSRM increases with an increase in the 300°C retention time, 
5 the final correction value KOXSR gradually decreases with 

an Increase in the 300°C retention time with, the correction 
amount initial value KOXSRI applied as the maximum value 
as indicated in Fig. 12C. The changes in the final 
correction value KOXSR precisely correspond to the amount 

10 of sensor output rich displacement , whicli is caused by 
adsorbable species desorption. 

Next, the routine shown in Fig. 11 performs a guard 
process to ensure that the lower-limit value for the final 
correction value KOXSR is zero (0) (steps 222 and 224) . The 

15 output OXSAD of the oxygen sensor 10 and the final correction 
value KOXSR are then substituted into the following equation 
to calculate a final oxygen sensor output OXSF (step 226); 

OXSF = OXSAD - KOXSR (2) 

When the process described above is performed, the 
20 final correction value KOXSR that is accurately consistent 
with the degree of rich displacement can be calculated after 
adsorbable species desorption begins f oLlowing to the 
internal combustion engine starts up. When the calculated 
final correction value KOXSR is then used to correct the 
25 sensor output OXSAD, it is possible to calculate the final 
oxygen sensor output OXSF from which the influence of rich 
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displacement is eliminated. As a result, the controller 
according to the present embodiment minimizes the influence 
of oxygen sensor output deviation, which is caused by the 
adsorbable species, and begins to properly detect the 
5 exhaust gas status immediately after internal combustion 
engine startup. 

The fifth embodiment, which is described above, 
assumes that the degree of rich displacement decreases with 

an increase in the 300°C retention time T300, and determines 
10 the correction amount adjustment value KOXSRM as a function 
of T300. However, an alternative method may be used to 
determine the correction amount adjustment value KOXSRM. 
More specifically, the correction amount adjustment value 
KOXSRM may be determined as a function, for instance, of 
15 the cumulative intake air amount GA prevailing after an 
element temperature of 300°C is exceeded or the lean time 
prevailing after an element temperature of 300°C is 
exceeded. 

In the fifth embodiment, which is described above, 

20 the 300°C retention time T300 corresponds to a "desorption 
progress value" according to the ninth aspect of the present 
invention and the final correction value KOXSR corresponds 
to a "sensor output correction value" according to the ninth 
aspect of the present invention. Further, the fifth 

25 embodiment implements "element temperature acquisition 
unit" according to the ninth aspect of the present invention 
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when the microcomputer 30 detects the temperature of the 
sensor element 14 for Impedance feedback control, 
"desorption progress value counting unit" according to the 
ninth aspect of the present invention when the microcomputer . 
5 30 performs processing step 210, "output correction unit" 
according to the ninth aspect of the present invention when 
the microcomputer 30 performs processing step 226, and 
"correction value calculation unit" according to the ninth 
aspect of the present invention when the microcomputer 30 

10 performs processing step 218 and 220. Furthermore, the 
fifth embodiment implements "stop time counting unit" 
according to the tenth aspect of the present invention when 
the microcomputer 30 performs processing step 202 and 
"initial value setup unit" according to the tenth aspect 

15 of the present invention when the microcomputer 30 performs 
processing step 216. 



